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1) Experimental Details and Characterization Data
Unless otherwise noted, all reactions were conducted under slightly positive dry nitrogen pressure using standard Schlenk line techniques or under a nitrogen atmosphere in a Vigor (SG 1200/750TS-F)
glovebox. The nitrogen in the glove box was constantly circulated through a copper/molecular sieves catalyst unit. The oxygen and moisture concentrations in the glovebox atmosphere were monitored by an O2/H2O Combi-Analyzer to ensure both were always below 1 ppm. Unless otherwise noted, all starting materials were commercially available and were used without further purification. Solvents were purified by an Mbraun SPS-800 Solvent Purification System and dried over fresh Na chips in a glovebox.
Organometallic samples for NMR spectroscopic measurements were prepared in a glovebox by the use of J.Young valve NMR tubes (Wilmad 528-JY). Mass spectra (MS) were recorded on a GC/MS spectrometer using an EI source. High-resolution mass spectra (HRMS) were recorded on FTMS mass spectrometer using an EI source or ESI source.
Elemental analyses were performed on a Vario MICRO cube elemental analyzer.
Note:
The signals of solvents in NMR spectra are due to the vapor of solvents in the glovebox.
Because of the high sensitivity of these organometallics to air and moisture, some samples easily lost weight even in double layers of tin boats. Thus their elemental analysis data are not available.
1,4-Diiodo-1,3-butadienes 1a'-1c' and 1a-D 10 ' were synthesized by the reported procedure. 1,2 1c'
and 1a-D10' are new compounds.
1c': Light yellow solid, isolated yield 64% (12.0 mmol scale, 5.5 g). 1 H NMR (400 MHz, C6D6) δ 0.11 (s, 18H, Me3Si), 1.10 (s, 18H, t Bu,), 7.05 (d, J = 8.6 Hz, 4H, C6H5), 7.36 (d, J = 7.9 Hz, 4H, C6H5).
13
C NMR (100 MHz, C6D6) δ 1. 1, 31.3, 34.6, 112.6, 125.1, 129.6, 137.1, 151.7, 164.0 
General Procedure for the Synthesis of Scandacyclopentadiene 2a and 2a-D10
In the glovebox, ScCl3 (151. .6, 26.4, 68.4, 123.9, 126.8, 129.9, 150.5 167.6, 203.8. In the glovebox, ScCl3 (151. 2, 26.4, 68.3, 123.9, 126.5, 131.8, 134.4, 148.9 . 5, 26.4, 31.9, 34.6, 68.4, 122.9, 131.8, 135.5, 144.9, 146.2.
General Procedure for the Synthesis of 6
In the glovebox, a THF solution (~10 mL) of tetramethylthiuram disulfide (480. , 5.83, N, 3.68. Found: C, 34.44; H, 5.87, N, 3.69 .
General Procedure for the Synthesis of 7
S6
In the glovebox, a THF solution (~10 
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3) X-ray Crystallographic Studies
The single crystals of 2a, 3a, 6 and 7 suitable for X-ray analysis were grown as described in experimental section. The crystals were wrapped in mineral oil and then were frozen in low temperature.
Data collections were performed on a SuperNova diffractometer, using graphite-monochromated Mo anisotropically for all the non-hydrogen atoms by the full-matrix least-squares method. The hydrogen atoms were placed at the calculated positions and were included in the structure calculation without further refinement of the parameters. Disordered solvent in 2a was squeezed by using Platon. Two molecules of 2a will undergo β,β′-C−C bond cleavage to generate scandacyclopropene by release of two equiv of alkyne, and then two molecules of scandacyclopropene undergo dimerization to generate 3a.
SScheme 2. Proposed mechanisms for the formation of 3a from 2a.
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5) Details of DFT Calculations
All calculations were carried out with the GAUSSIAN 09 program package. 8 The optimization structure and correction energy of all the minima and transition states were fully calculated at the B3LYP level 9 using the LANL2DZ (for Sc) and 6-31+G(d) (for other elements) in gas phase. 
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